
FEBRUAF~Y, 1925 MONTHLY WEATHER REVIEW 63 

May 

_- 
57.1 

53. 1 
50.4 
44.8 
38.3 

TABLE 1.-Mean monthly and annual air tempera.turea, precipitation, and length of fire season (days) for the period 1909-1919, northern 
Idaho and Montana 

June 

__ 

83.7 

60.3 
56.4 
51.4 
47.6 

Elevation I- I Jan. Oct. 

50.6 

Mean air temperature ( O F . )  

____-_. 

Nov. Dec. 
--- ~~ 

39.0 29.9 

Prairies of eastern Washington . . . . . . . . . . . . . . . . . . . . .  
Weatern yellow-pine forest _____.___.____._____. _ _ _ _  
Western white-pine forest, low station--.. _ _ _ _ _ _ _ _ _  
Western white-pine forest, low station _____._______ 
Weatern white-pine forest, high station. _ _ _ _ _ _ _ _ _ _ _  
Subalpine forest ___________.___.___________________ 
Subalpine forest. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Murray, 2,700 _ _ _ _ _ _ _ _ _ _ _ _ _  ____._. -.-. -. - .- 
51.0 60 4 6 . - - .  _ _ _ _ _ _  8.9 _ _ _ _ _ _ _ _ _ _  

531 30 15.0 _ _ _ _ _ _ _ _  _ _  

Length of fire season 1 Station 
-- 

Year 
Zonation 

__ 

Feb. 

__ 

Mar. 

__ 

Apr. 

__ 

Judy 

__ 

72.5 

66.8 
62.9 
59.9 
56.6 

__ 

__ 

Aug. 

__ 

Sept. 

- 
Begin- 
ning 

- 
End- 
ing 

32.6 

31.0 
28.5 
26.4 
21.4 
- 

41.6 

37.7 
34.4 
32.3 
25. 0 
__ 

49.9 

46.1 
43.2 
38.6 
32. 7 
- 

70.9 61. 6 

57.4 
52.2 
53.2 
48.9 
__ 

49. 7 

46.4 
43.3 
40.4 
36.4 

loll6 

1012 
9/23 
91% 
919 
- 

184 

150 
132 
107 
76 

__ 

Prairies of eastern Wash- (1) 

Western yellow- ine forest.-- (3) 
Western white-pPne forest _ _  ._ hiurray- _ _ _  
Western white-pine forest __._ Burke ... __. 
Subalpine forest _ _ _ _ _  ~ .___ __.. Roosevelt.. 

lngton. 
44.6 38.7 30.3 
44.0 33.4 27.4 
43 2 33.0 1 2'2.4 
41:O 1 27.8 22.0 

68.7 
61. 7 
58.2 
56.6 

Precipitation (inches) July-Aug. I J W e p t  

1.25 

2. 18 
3.62 
5.30 
3.01 
- 

0.76 

2.22 
3.34 
4.78 
3.92 

__ 

0.55 

1.82 
2. 13 
2. 50 
1.40 

__ 

1.04 1 0.76 1 0.31 1 0.45 1 0.48 0.83 

1.49 
2. 75 
3. 27 
1. 12 

~ 

0.76 1 2.M 1,000-2,000~ 1.30 Prairies of eastern Wash- 

Western yellow-pine lorest-.- 
Western white-pine forest __._ 
Western wblte-plne forest _ _ _ _  
Subalpine lorest _ _ _ _  - - - - _ _  - - _ _  

ington. 
2,500 _ _ _ _ _ _ _  3.01 
2,700. __.___ 4.72 
?,os0 _ _ _ _ _ _ _  6.17 
1,500 __._._./ 2.81 

1.96 I 1.3F 0.73 I 0.57 1.18 

3.091 3.27 2.841 2.72 1. 1.681 38 1.37 1.031 2.31 2.62 
2.03 2.33 1.48 0.8" 0.94 

1.30 1 3.84 
7.78 i:;; 1 8.17 

2.30 - 5.67 
44.24 

1 I 

1 Ritrvllle, Hatton, and Lind. Wash. 
2 Spokane, Coeur d'Alene, and Potlatch, Idaho. 

TABLE 2.-Averages and eilreinea o j  u~ealhrr. conditions i i i  A iigusl 

I Air temperature (" F.) I Relative humidity (per cent) ~&~~~~~ I .  
Foreat zone or type 

I I 4 I 

A PRELIMINARY STUDY OF EFFECTIVE RAINFALL 

By J. F. VOORHEES 

[Weather Bureau, Knoxville, Tenu.] 

8YNOPSLE 

Since the water content of the soil does not change appreciably 
from year to year, each year's rainfall must escape in some manner. 

In winter it escapes b evaporation and run-off in streams. 
In  summer i t  escapegby evaporation, by run-off, and by tran- 

spiration. 
Transpiration may be increased at the expense of run-off by 

increasing the number and vigor of plants. 
It appears that  the possible effective rainfall for this region will 

average from 6 to  8 inches per year, which is enough to doublc the 
present average yield. 

The above title was chosen because this paper is 
mainly an effort to analyse the problem and indicate 
the most promising line of attack; and because the data 
a t  hand were so eneral that we could ho e to reach 

detailed study, usin daily instead of monthly values, 
would throw much a%itiontll light on the subject. 

only general conc F usions. It is believed t 1 at a more 

Assuming that in any given region the water content 
of the soil does not chan e materially from year to year 

disappears somewhere during the year. This is true 
whether there are lants resent or not, and the object 
of this study is to P %  earn w at part of this water may be 
diverted for the use of lants. We shall attempt to 
make this determination % y means of a comparison of 
total rainfall with run-off, supplemented by some data 
on leaching from the University of Tennessee Ex eri- 
ment Station, and by some data on evaporation Prom 
trees, obtained by the author. 

I t  would seem that all of the rainfall can he accounted 
for in one of the following ways: 
u. Evaporation from plant surfaces before reaching 

the ground. 
b. Evaporation from the surface of the soil before 

penetrating to an appreciable depth. 
c. Eva oration in the soil below the surface. . 
(2. SurPace drainage. 
e. Subsurface drainage or leaching. 
f. Transpiration. 

we are confronted with t E e fact that each year's rainfall 



64 MONTHLY WEATHER REVIEW FEBRUARY, 1925 

1919 .________ 
1OaO _ _ _ _ _ _ _ _ _  
1921 _ _ _ _ _ _ _ _ _  
1922 _ _ _ _ _ _ _ _ _  

, *  
Evaporation frmn plunt su aces.-A set of observa- 

feet high and 18 feet in diameter showed that the bare 
tree m t h  no leaves would prevent about 0.10 inch of 
water from reaching the ground during each rain. A 
rain gage was set under the tree and another about 25 
feet away in the open. A collar was fitted around the 
trunk of the tree in the form of a trough with a spout, 
under which a tub was set. The tub was covered so 
that no direct rainfall or drippings from the tree could 
enter it. 

The water that ran down the trunk of the tree and was 
caught in the tub plus the water caught in the rain giage 
under the tree always lacked about 0.10 inch of equa ing 
the amount caught m the gage in the open. In  the sum- 
mer when the trees are in leaf the amount of recipita- 

greater . 
When we come to farm crops the importance of loss 

may seem kss evident, but since all the mechanism of 
plant surfaces is ada ted for the elimination of water 
rather than for its a sorption, and since it has been 
shown experimentally that plants will die if the roots 
are dry, no matter how wet the stem and leaves may be 
kept, it seems probable that at  least as much w-ould be 
lost here as was lost under the leafless tree. 

Evaporation from the surface of the soil befwe soaking 
in.-It is the opinion of a number of men who have been 
consulted that a rainfall of 0.10 inch will practically 
always eva orate without penetrating the ground ap- 
preciably. $f this is true it would seem permissible to 
assume that an equal amount is lost from each heavier 
rain. Evaporation from these sources will amount to an 
inch or more of rain per month for the winter months, 
and in the summer months.this evaporation, supple- 
mented by the eva oration unthin the soil will certainly 

Suvace drainage.-Water lost by this method has 
never been measured by itself as far as the writer knows, 
but is included in the run-off of the streams, which has 
been measured. 

Loss of water by subsur ace drainage.-This may also 

the possible exce tion of a portion that may reach the 

measured. 
As a check on this point, data obtained in a lysimeter 

experiment a t  the University of Tennessee Experiment 
Station were used. The data used were obtained from 
four iron cans one five-thousandth of an acre in area and 
6 feet deep. Three were filled with soil, 5% feet of 
subsoil and one-half foot of top soil, all well acked. The 

All were set nearly flush with the ground and so arranged 
that leachings would drain into receptacles in a near-by 

The cans were set up in March, 1916, but as we 
f:d no run-off data for 1917 and 1918 the years 1919 to 
1922 were used in this comparison. I t  would seem that 
in that length of time the soil in the cans would have 
reached an aDDroximatelv normal condition. As there 

tions made by the writer un 2 er a cherry tree about 20 

tion failing to reach the ground would undou E tedly be 

. 

not be less, and wil P probably be much greater. 

be assumed to be include d in the run-off of streams, with 

river at  a point g elow where the flow of the river was 

fourth can, used as a check on the rainfal P , was empty. 

- ~ -  
Per cent Per cent Per cent 

43 54 9 
41 47 13 
43 43 0 
45 45 0 

amount had escaped from the watershed through under- 
ground channels. The percenta e of leaching for the 

as follows: 
cans and of run-off for the waters 5 ed for four years was 

A parently the soil in the cans was not fully stabilized 

results that a negligible amount of water escapes from 
the watershed underground. 

We may now combme some of the ways in which water 
escapes from a region so that we have two methods 

in winter and three in 
the summer: In win- 
ter, evaporation and 
stream run-off ; and in 
summer, evaporation, 
run-off, and transpi- 
ration. Now, since 
the amount of water 
lost by evaporation 
can not conceivably 
hare any great effect 
upon transpiration, it 
is evident that as 
t r a n s p i r a t i o n  in- 
creases run-off will 
decrease. 

We are now ready 
to consider our princi- 
pal lines of data hich 
are total rainfa l.Y and 
run-off. The run-off 
data were furnished 
b Mr. Warren R. 
Z i n t  of the hydro- 
grap c office at  Chat- 
tanooga, and consist 
8 f  the monthly run-off 
of the Tennessee River 
at  IZlioxville in inches 

unti P after 1920, but it seems fair to assume from these 

Fm. 1.-Monthly means of total rainfall and for the drainage’ area 
run-off, Knoxville, Tenn. Height of column 
shows total rainfall, upper shaded portion the of 8,990 square d e s .  
run-off, lower black portion the remainder lost These data cover the 

period 1900 to 1922, by evaporation or used by plants 

inclusive, excepting the years 1917 and 1918. 
ublished 

in this drainage area. During the earlier years there 
were only 10 stations, but the number gradually in- 
creased until there were 30 for the rater years of the 
series. 

Fig. 1 shows the monthly meanscfor total rainfall and 
run-off for the entire periocl of 21 years. The upper 
shaded portion represents the run-off, while the lower 
black uortion reureaents the remainder of the rainfall 

The rainfall data were computed from the 
records of the Weather Bureau and include a1 P stations 

was no surfic’e drainag;, the leachin s should equal 
leachin plus surface drainage in the fielt  and this should 
equal t 5 e run-off in the river unless an appreciable which is lost by ;vaporation or used by plants. 
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Year 

Novem- I Degm- 1 
ber 

4.00 1.24 3.28 1.40 43.22 17.60 25.61 
1.02 0.67 9.68 417 5110 31.66 !J&bu) 

3.17 2.86( .a .63 3.wl1.24 1.71 .49 42.1= 45.31 ai.3 ~ D S  23.47 
3.27 .36 3.45 .83 35.69 11.88 24.01 
0. a4 .43 5. 61 1.86 46. so moo m.90 
3.76 a . a  3.74 1.96 ma4 24.84 
4.97 1.55 4.14 1.72 4446 a01 24.46 
2. 06 1.14 5.64 2.41 60.38 2271 27. I 

In  considerin this figure it must be remembered that 

month at  the gaging stationlit does not show accurately the 
part of each month’s rainfall that ran OR, because a part 
of the run-off from one month’s rain does not reach Knos- 
ville until some time in the next month. A study of the 
table will reveal a number of instances when the rains of 
one month showed in the run-off of the next. Without 
daily values it has not seemed practicable to determine 
the exact amount of this shift. As a matter of fact the 
shift itself is often modified by the character of the rain- 
fall. Five inches of rain falling at  an excessive rate be- 
tween the 20th and 25th of any nionth would niainly 
pass Knoxville in that month, as there would be a high 
percentage of surface drainage; but the same amount 
spread evenly over the same five days would not arrive 
until the month following, and in winter might even be 
as much as two months late. 

T-urning again to our figure and remembering our con- 
clusion that the winter giainfall disappeared either in the 
run-off or by evaporation, we find that the amount evnp- 
orated during the first four months of the year, or before 
there is any appreciable ant growth, is approximately 

from other considerations. For the next four months the 
run-off rapidly decreases while the rainfall increases just 
as rapidly. This decreasing run-off under such circum- 
stances must be due to one or both of two causes-trans- 
piration and increased eva oration. 

decrease about 40 per cent, while evaporation probably 
remains a little above the w-inter average and transpira- 
tion becomes very small. 

December, the first wet month following a series of dr 
months, shows some peculiar characteristics. Althoug 1 
transpiration has practically ceased and evaporation 
might be expected to show more of the winter charac- 
teristics, there is a marked increase in the amount of water 

while the shade f portion shows the actual run-off for each 

1.5 inch per month, or a Y1 ittle more than was calculated 

During the fall months t R e rainfall and the run-off both 

i 

40160-25t-2 

that does not appear in the river. There are two rppons 
why this indicated increase is more apparent than real. 
First, the amount of run-off carried over from December 
to Januar is undoubtedly much greater than the amount 

abnormally dry condition of the fall, with ita failin 

winter condition of saturation. This robably requires 
a large part of the extra inch of r a J a l l  that doas not 
appear in the run-off. 

Under present farm methods the avera e crop uses 
from 3 to 4 inches of rainfall. during the 

from 4 to G inches, and if the crop is to e increased average it 
must capture a art of that run-off. This can not be 

because that would only increase the amount leaching 
through, as was shown in the lysimeter experiment ex- 
plained above. I t  was also found in this ex eriment that 

Apparently, then, the only way to make use of a part 
of this sur lus rainfall is to increase the uantity of roots 

water in two ways. I t  will catch some in transit, as it  
were, before it ets out of reach, and it will reduce the 

thus requirin more to saturate it again when the next 
rain comes. %his process involves the danger that if rains 
come too far apart the crop may suffer. 

Since it is not likely that it will ever be possible to util- 
ize all of the present run-off, and since t h s  run-off aver- 
ages only from 4 to G inches during the active trans ira- 

to more than double the average yield in this section. 
This conclusion agrees with the experience of the Uni- 
versity of Tennessee Experiment Station, where it hes 
been found that about twice the average yield for the 
region seems to be their limit for production. 

brought P rom November into December. Second, the 

springs and drying wells, is being changed to the norm f f  

The run-o 
eriod of active transpiration of any cro 

clone by the mec E anical prevention of surface drainage, 

all leaching occurred within 48 hours after t l! e rain ended. 

in the soif This increased root growt % will get more 

water content o ? the soil to a lower level between rains, . 

tion season of moat crops, it appears that we can not 1 ope 


